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Answer the following questions:- 
Question No 1( 30 points) 
a) What does mean by self and mutual inductances?Draw these values for 
two coils case. 





I*— Magnetic core 
o) permeability H, 
mean core length f, 


cross-sectional area A. 


which can be written 
Ay = Lii + Lilo 
where 
2 HoAg 
Ey, = № — 


is the self-inductance of coil 1 and L ji; is the flux linkage of coil 1 due to its own 
current ij, The mutual inductance between coils 1 and 2 is 


Hu А, 





Lja = N N> 


апа £ 3/3 is the flux linkage of coil 1 due to current i; in the other coil. Similarly, the 
flux linkage of coil 2 is 


Or 
Аз = Lat) Lad) 
where ілі = із is the mutual inductance and 
A 
Ly = №20 


is the self-1nductance of coil 2. 


b) The laminated sheet steel section shown in fig ( 1 ) has a stacking factor of 0.9 
. Compute the current required to establish a flux of 1.4 x 10 ^Wb. Neglect 
fringing. Use B, H curve attached. (Note: - 1 meter = 39.37 inch) 


Cast iron 


Laminated 
sheet steel 


а / (ЅЕ = 0.9) 


lof ES 25 11 
h=?" 





Fig (1) 


Solution:- 


Convert all dimensions to metric, 
Cast Iron 
lia oe tag 22t t2302 i = 0173m 
A = (0.5 in)(0.8 in) = 0.4 in = 0.258 x 10 m 
B... = D/A,,, = (1.4 X 1070.258 x 107) = 0.54 T 
From the attached fig for B& H curve , for cast iron 


Н... = 1850 At/m 


Sheet Steel 
E = Ci T б. + é = 0.25 + 2 + 0.25 = 2.5 in = 6.35 X 107? m 
A = (0.9X0.258 x 10 = 0.232 x 10° m’ 
Bi.) = P/A ea = (1.4 X 107*V(0.232 х 107° = 0.60 T 

From the attached fig for B& H curve , for sheet steel 


H. = 125 Аут 


Air Gap 

541m = X08 Ж 107° m 

H = Bia ~ 04T 

H, = (7.96 X 10°)(0.54) = 4.3 X 10° At/m 
Ampere's Law 


NI = Hyron€icon + Haeba HE, 
= (1850)(0.173) + (125)(6.35 х 10-2) + (4.3 х 105.08 х 1073) 
= 320 + 7.9 + 2184 = 2512 At 
I = 2512/N = 2512/150 = 16.7 amps 


Question No 2( 35 points)) 


a) Two winding , single phase transformer 480/120 volt , 5000 va, we would 
like to use it to transform the voltage from 600/480 volt , is it possible ? . 
If the answer is yes give the following:- 
i. Draw the connection 
ii. The rating of this new transformer 
іі. The primary and secondary current. 


Solution:- 


Using two winding single phase transformer as autotransformer, as shown in 
connection below. 


a) Two winding , single phase transformer 480/120 volt , 5000 va, we would 
like to use it to transform the voltage from 600/480 volt , is it possible ? . 
If the answer is yes give the following:- 
i. Draw the connection 
ii. The rating of this new transformer 
iii. The primary and secondary currentof this transformer. 


L+14,E6R 





V, = М5 + V, = 120 + 480 = 600 V 

The transformer will be 600/480 v 

Ін = (5000/120) = 41.66 A ( 600 v side) , the kva = 600 * 41.66 = 25 kVA 
lı = ( 5000/480 ) + 41.66 = 52.1 A then KVA, = 480 * 52.1 = 25 kva 


b) 3-0,1.2 MVA, 6.6/1.1 kV transformer , has delta connected primary and 
star connected secondary. The per phase value of the primary and secondary 
resistances are 2, 0.03 Q respectively. Calculate the efficiency on full load at 0.9 
power factor lagging assume 20 kW as iron loss. 


Solution:- 
В, = 2 ohmR,= 0.03 ohmlron loss = 20 kW 


Мр 76.6 k V = Vohase (p) 

Vias =1.1 k V Vbhase (s) = 1-1/sqrt(3) = 635.08 V 

Then a = V phase (p) / Vpnase (s) = 6600/635.08 = 10.4 

Reframing the impedance to the secondary , then 

Ro; = 0.03 + ( 2/ 10.4’) = 0.0485 Ohm 

kVA = sqrt(3) Viz * lil, = Ipnase ( star connection for the secondary) 


Therefore 1200 * 10° = sqrt(3) * 1100 * |, 
1, = lphase= 1200 * 10° / (sqrt(3) * 1100 ) = 629.84 Amp 


Total full load Cu loss = 3 * 17 * R, = 3 * 629.84? * 0.0485 = 57.72 KW 
Kw at 0.9 Pf = 1200 * 0.9 = 1080 kW 

Total loss = 20 + 57.72 = 77.72 kW 

Then n=( output/(output + loss) = 1080/(1080+ 77.72)= 93.28 % 


Question No 3( 35points) 
a) 


A relay has contacts. The force due to current — carrying coil pulls the pivoted 
arms against spring tension to close the contacts and energize the load. If the 
pole face is square with 0.635cm length , and Ø = 0.5 x 10° Wb. What is the 
pulling force on the armature? 


A, = 0.635*0.635 = 0.403 x 10° т” 


B, = 0/А,- (0.5 x 10" )/ (0.403 x 10°) = 1.24 T 





Thus, 
ВА (1.24)°(0.403 x 1074) 
2 X4 X 1077) 


b) 


The phase - a of 2-pole armature winding has 10 N. - turns full — 
pitch coil connected in series , with each slot contain three coils . 
Assume an angle O, is measured from the magnetic axis of phase а. 


Find the following:- 


1. Number of armature slots 

2.  Theangle separate each slot 

3. Location of complete phase a ( forward and return ) slots 
assume the first slot of phase a at 30" from the magnetic axis. 

4. Write an expression for the space fundamental mmf of phase( 
a) 


Solution :- 


1. Number of armature slots 210 * 3 =30 slots 


2. Тһе angle separate each slot = 360/30 =12° 


3 Location of complete phase a ( forward and return ) slots 
assume the first slot of phase a at 30° from the magnetic axis. 


54 |66 


6 [a | 





4 Write an expression for the space fundamental mmf of phase a 


b poles 
л \ poles a 


(Fa gap)total = (Fa gap)-60 + (Fa gap)-48 +(Fa gap)-36 +(Fa gap)-24 +(Fa gap)-12 


eal 
T 2 


)+cos(@,+12)]= - (=) i,cos( 0a) 








) ia [cos( 0. + 60) + cos( 05 + 48) +cos( 6, + 36) *cos( 0, + 24 


= = = — — - - 
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№ 1000 1300 AMD 700 3000 33500 4000 4500 ИЮ 
BH curves for selected materials 
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ЕГЕТТІПТІЕРЕГІЗІЕНІІГГЕГІТІТІЕЕЕРІШТІЕРІШІІГІШТІТЕПІТІЕІГІЕ Cast iron 


H (Atm) 


